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Background: Laser speckle flowgraphy (LSFG) enables noninvasive quantification of the 
retinal circulation in glaucoma patients. In this study, we tested the intrasession reproducibility 
of LSFG-NAVI, a modified LSFG technique.
Methods: Sixty-five eyes from 33 subjects (male (M):female (F) = 17:16) with a mean age of 
49.4 ± 11.2 years were examined in this study. Two parameters indicating reproducibility – the 
coefficient of variation (COV) and the intraclass correlation coefficient (ICC) – were analyzed 
three times on the same day that mean blur rate (MBR) was measured using LSFG-NAVI. 
The sites analyzed were the retinal artery and vein, the optic disk, and the choroid. Following 
classification according to the Glaucoma Hemifield Test (GHT; SITA-Standard 30-2 program), 
the COV and ICC were examined in patients with (GHT+; 38 eyes, M:F = 20:18, average age 
48.9 ± 12.8 years) and without (GHT-; 27 eyes, M:F = 13:14, average age 50.1 ± 8.7 years) 
abnormal glaucomatous visual fields.
Results: For all subjects, the intrasession reproducibility of MBR in the optic disk (COV: 
3.4 ± 2.0; ICC: 0.95) and choroid (COV: 4.7 ± 3.4; ICC: 0.98) was excellent. The reproducibility 
for the retinal vein (COV: 8.4 ± 5.6, ICC: 0.90) and retinal artery (COV: 10.9 ± 9.9, ICC: 0.9) 
was moderate. MBRs in the optic disk had good reproducibility in both the GHT+ group (COV: 
3.8 ± 2.0; ICC: 0.97) and the GHT- group (COV: 2.9 ± 2.1; ICC: 0.95). Local assessment of 
the optic disk in normal or glaucoma patients showed that the COVs of the quadrant optic disk 
areas were best in the temporal area of MBR (3.4%, 4.2%, respectively).
Conclusion: LSFG-NAVI showed favorable reproducibility in evaluation of retinal circulation 
of glaucoma patients, particularly in the optic disk and choroid.
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Introduction
Glaucoma affects more than 70 million people worldwide1,2 and is the second most 
frequent cause of blindness.1 The increase in lifespan worldwide has increased the 
number of individuals presenting with glaucoma and blindness.3 Although the patho-
genesis of glaucoma remains unclear, one population-based study has suggested that 
the important risk factors for glaucoma are intraocular pressure (IOP), senescence, 
and myopia.4 Other factors such as vascular components may also contribute to optic 
nerve damage in glaucoma. An increasing body of evidence suggests that dysfunction 
of ocular microcirculation in the optic nerve influences the progression of glaucoma.5–7 
The association between the degree of optic nerve damage and the defect area has also 
been demonstrated using fluorescein angiography (FAG).8–12 Decreased microcircula-





optic nerve has been shown to cause cupping in rabbits.13 
These data suggest that disturbance of the microcirculation 
in the optic nerve head is related to the severity and progres-
sion of glaucoma.
As described above, microcirculation was examined 
using FAG, but it is difficult to quantify changes in micro-
circulation. Recently, devices that measure ocular circulation 
have become available. These devices assess the relationship 
between quantitative retinal or retrobulbar circulation and 
visual function using scanning laser Doppler flowmetry 
(SLDF)14 and color Doppler imaging.15,16 Although they 
enable quantification of ocular circulation, it is difficult 
to capture the same place and reproduce the same image 
because of the small capture area. By contrast, laser speckle 
flowgraphy (LSFG) allows for noninvasive quantification of 
the microcirculation in the optic disk, choroid, and retinal 
vessels separately in living eyes.17 The machine is equipped 
with a fundus camera, a diode laser, an image sensor, an 
infrared charge-coupled device (CCD) camera, and a high-
resolution digital CCD camera. Squared blur rate (SBR), a 
parameter that yields a theoretically exact measurement of 
retinal microcirculation, is proportional to blood velocity and 
showed good correlation with blood flow parameters when 
measured with other instruments that assess the ocular blood 
flow.14,18 With LSFG, 5 seconds are needed to acquire images 
of the ocular circulation. The images are analyzed and the 
three sets of heartbeat data are combined to form a single 
color map depicting the distribution of the retinal circulation. 
The LSFG method is therefore suitable for monitoring the 
time course of changes in tissue circulation at the same site 
in the same eye at various intervals, ranging from seconds to 
months.14,17,19–22 In January 2008, LSFG-NAVI, a modified 
version of LSFG, was approved for use in Japan (Softcare 
Ltd, Fukuoka, Japan). In the LSFG-NAVI, the parameter 
was used with mean blur rate (MBR) with the newer CCD 
camera and the relationship between MBR and SBR was 
“MBR = 2 × SBR”.23 Recently some studies utilizing MBR 
for the evaluation of blood flow were reported.24,25
There have been no reports on the reproducibility of 
LSFG-NAVI. Reproducibility of any diagnostic instrument 
is important both for achieving diagnostic accuracy and for 
monitoring changes due to disease. The reproducibility of 
the Heidelberg Retina Tomograph (HRT)26 and the Stratus 
OCT27–30 has been confirmed in the literature, and these mea-
sures are considered clinically useful measures of glaucoma 
progression. Additional studies testing the reproducibility of 
MBR in normal subjects or glaucoma patients are needed 
before the LSFG-NAVI can be safely used as a tool for 
diagnosing and monitoring glaucoma. The purpose of this 
study was to test the reproducibility of ocular circulation 




To evaluate intrasession reproducibility, we classified the 
patients into two groups using the Glaucoma Hemifield Test 
(GHT). Patients were categorized as within normal limits 
(control patients, GHT-) or outside normal limits (glau-
coma patients, GHT+). The MBRs from the GHT+ patients 
(38 eyes; M:F = 20:18; average age 48.9 ± 12.8 years) 
and GHT- patients (27 eyes; M:F = 13:14; average age 
50.2 ± 8.7 years) were used for analysis (Table 1). Twenty-
four GHT+ patients were on topical antiglaucoma treatment. 
Glaucoma was diagnosed as glaucomatous optic neuropathy 
with corresponding glaucomatous visual field loss accord-
ing to the Anderson–Pattela classification as follows: 
(1) a GHT outside normal limits; (2) a cluster of three or 
more non-edge points in a location typical of glaucoma, 
all of which are significantly lower on the pattern deviation 
plot at a P , 0.05 level and one that is lower at a P , 0.01 
level; and (3) a   corrected pattern standard deviation that is 
Table 1 Demographic data for patients with or without glaucoma
GHT+ (n = 38) GHT- (n = 27) P value
number of subjects 38 27
Age (years) 48.9 ± 12.8 50.2 ± 8.7 0.60
gender (males:females) 20/18 14/13 0.95
Visual acuity (logMAR) -0.02 ± 0.15 -0.06 ± 0.06 0.41
spherical equivalent (D) -4.2 ± 2.7 -3.8 ± 2.8 0.59
MD (dB) -7.2 ± 7.2 -0.4 ± 1.4 <0.0001
intraocular pressure (mmhg) 17.1 ± 3.4 17.5 ± 5.2 0.69
systolic blood pressure (mmhg) 123.1 ± 14.7 125.1 ± 13.8 0.28
Diastolic blood pressure (mmhg) 74.5 ± 14.2 74.0 ± 12.3 0.88




Ocular circulation measurements with laser speckle flowgraphy-NAVI
significant at the P , 0.05 level. Automated perimetry was 
performed with a Swedish interactive threshold algorithm 
(SITA)-standard strategy from the 30-2 program of the 
Humphrey Field Analyzer (Carl Zeiss Meditec, Dublin, 
CA). Reliability criteria included fixation losses and false-
positive and false-negative rates of less than 20%. Patients 
were excluded if ocular diseases other than open-angle 
glaucoma were present, if systemic diseases affecting 
the visual fields were present, or if they had undergone 
intraocular surgery.
The procedures used conformed to the Principles of the 
Declaration of Helsinki, and approval for the analysis of the 
data was obtained from the Institutional Review Board of 
the Tohoku Graduate School of Medicine.
Laser speckle flowgraphy
Ophthalmic examinations including slit-lamp biomicroscopy, 
fundus evaluation, and Goldmann applanation tonometry were 
performed. After the examination, the pupils of each subject 
were dilated with 0.5% tropicamide and 0.5% phenylephrine 
hydrochloride. Blood pressure and IOP were measured after 
patients had rested for 10 minutes in a sitting position in a 
dark room, and then ocular circulation was assessed using 
LSFG-NAVI. To determine intrasession reproducibility, 
LSFG was performed three times within 10 minutes. The 
position of each subject’s face was reset on the head holder 
for each examination. The centre of the captured image was 
set as the midpoint between the optic disk and the macula 
(Figure 1A and B). Previous eye position was recorded using 
LSFG Measure (v 6.64.00; Softcare Ltd, Kyushu, Japan), 
which enabled us to capture the same area in the following 
examination. In addition, LSFG-NAVI allowed the investiga-
tor to adjust the focus by looking at the live-capture image. If 
the focus of the image was not satisfactory, horizontal dark 
lines appeared on the live image. Three parameters of the 
MBR in the optic disk were calculated by the LSFG Analyzer 
software (v 3.0.47; Softcare Ltd, Kyushu, Japan). After we 
had identified the margin of the optic disk by hand using a 
round band, the software segmented out the vessel using the 
automated definitive threshold and analysis of all the mean of 
the MBRs (AM), the vessel mean (VM), and the tissue mean 
(TM) (Figure 1C). These parameters were also calculated for 
the quadrant area of the superior (S), inferior (I), temporal 
(T), and nasal areas (N) of the optic disk (Figure 1D). For 
the analysis of retinal arteries, retinal veins, and choroids, we 
used the rectangular band (Figure 1B). For accurate sampling 
of retinal arteries and retinal veins, it is better to set the region 
of interest (ROI) to more than 1000 pixels and place it on the 
vessel, avoiding inclusion of the nonvessel tissue. For analysis 
of the choroid, a square ROI (150 × 150 pixels) was set at 
one disk diameter away from the temporal margin of the disk 
without including the main retinal vessels (Figure 1B). All 
ROI positions were saved and used on the same patient for 
subsequent analyses.
Analysis for reproducibility
Two parameters indicating reproducibility – the coefficient 
of variation (COV) and the intraclass correlation coefficient 
(ICC) – were analyzed with the MBRs from LSFG-NAVI of 
three continuous examinations on the same day. The segments 
for analysis were set using a color map of the MBRs in the 
retinal artery (A), retinal vein (V), optic disk, and choroid.
statistical analyses
Data were analyzed using statistical software Ekuseru-Toukei 
2010 (Social Survey Research Information Co, Ltd, Tokyo, 
Japan). The Mann–Whitney U-test was used to compare 
two independent groups, and the chi-squared test was used 
for categorical data. A P-value of ,0.05 was considered 
statistically significant.
Results
The first analysis was based on three examinations of 65 














Figure 1 representative photographs of a glaucoma patient in this study. (A) Photograph 
of the fundus. (B) A representative color map produced using LsFg (1, retinal artery; 
2, retinal vein; 3, optic disk; 4, choroid). (C) representative binary format images for 
segmentation between the vessel (white area) and tissue (black area), obtained using 
image viewer software with an automated definitive threshold. (D) Orientation of the 





same day. The data from these examinations are summarized 
in Table 1. No significant differences in age, gender, visual 
acuity, or spherical equivalent (SE) were observed; how-
ever, there was a significant difference in mean deviation of 
Humphrey Field Analyzer (GHT+: -7.2 ± 7.2 dB; GHT-: 
-0.4 ± 1.4 dB; P , 0.0001).
The intrasession reproducibility results of the measure-
ments in the GHT- groups are summarized in Table 2. All 
COVs from these patients were less than 10%, and all ICC 
results were more than 0.9. The highest reproducibility was 
observed in the disk-VM (COV: 1.9%; ICC: 0.98), and the 
lowest was observed in the MBRs of the retinal arteries 
(COV: 8.7%; ICC: 0.9). The COVs for the disk parameters 
were excellent in both disk-AM and all the quadrant areas 
of the disk (inferior, 4.2%; temporal, 3.4%; superior, 3.6%; 
nasal, 4.7%).
Intrasession reproducibility of the measurements in 
the GHT+ groups is shown in Table 2. The highest repro-
ducibility was observed in the disk-TM of the optic disk 
(COV: 2.3%; ICC: 0.98), and the lowest reproducibility was 
observed in the retinal artery (COV: 12.4%; ICC: 0.82).
In normal subjects, local assessment showed that the 
COVs of the quadrant optic disk areas were 3.6% in the 
S-AM, 3.4% in the T-AM, 4.2% in the I-AM, and 4.7% in 
the N-AM. By contrast, the COVs of optic disk lesions were 
6.4% in the S-AM, 4.2% in the T-AM, 5.8% in the I-AM, 
and 5.1% in the N-AM in the glaucoma patients.
Discussion
Reproducibility of any objective devices for assessing 
glaucoma is important for both diagnosis and monitoring 
disease progression. A high level of reproducibility is also 
required for routine use of objective instruments because 
changes in the retinal microcirculation during the progression 
of glaucoma are normally small. Here, we used a modified 
LSFG to assess the microcirculation of the eyes of normal 
subjects and glaucoma patients.
The intrasession reproducibility of the three datasets 
captured on the same day was excellent, suggesting high 
reproducibility in both normal and glaucomatous eyes. In 
particular, the reproducibility of the measurements of the optic 
disk and choroid was excellent compared with the other areas 
of analysis (ie, the retinal artery and vein). The reproducibility 
of the retinal artery and vein measurements was significantly 
lower than that for the disk and choroid (Figure 1B). A wider 
area of analysis was associated with better reproducibility in 
MBR. In general, reliable reproducibility of the COV was 
less than 10%, and the results of COVs of the optic disk 
(GHT-: 2.9%; GHT+: 3.8%) and choroid (GHT-: 4.1%; 
GHT+: 5.2%) were good. In the previous version of LSFG, 
the COVs of reproducibility were 11.7% in the optic disk and 
8.7% in the choroid. These data suggest that the reproduc-
ibility of LSFG-NAVI is significantly improved compared 
to the previous LSFG.31
Comparison of the COVs between GHT- and 
GHT+ showed that the COVs from the GHT- subjects were 
generally better than those of GHT+ subjects (Table 2). The 
COVs in the retinal vein, the I-VM, the S-AM, and the S-TM 
were high in the GHT+ subjects. In these areas, we should 
cautiously interpret the MBR data owing to the low degree 
of reproducibility among glaucoma patients. Hence, these 
data suggest that the intrasession reproducibility of LSFG 
was sufficient for evaluating ocular circulation in glaucoma 
patients in the clinic.
LSFG-NAVI enables evaluation of the MBR of the optic 
disk locally on the S, T, I, and N quadrants and separately 
in the vascular and tissue area. Interestingly, we found that 
the reproducibility of the VM and TM in the optic disk was 
better than that of the overall optic disk mean (ie, the AM). In 
normal subjects, local assessment showed that the COVs of 
the quadrant optic disk areas were best in the T-AM and worst 
in the N-AM. By contrast, the COVs were best in the T-AM 
and worst in the S-AM in the glaucoma patients (Table 2). 
Table 2 intrasession reproducibility for ghT- and ghT+ subjects
MBR GHT- GHT+
COV ICC COV ICC
Artery 8.7 ± 4.5 0.90 12.4 ± 12.4 0.82
Vein 6.2 ± 3.5 0.90 10.1 ± 6.3 0.81
Choroid 4.1 ± 3.2 0.98 5.2 ± 3.7 0.95
Disc-AM 2.9 ± 2.1 0.95 3.8 ± 2.0 0.97
Disc-VM 1.9 ± 1.1 0.98 2.6 ± 1.8 0.96
Disc-TM 2.1 ± 1.1 0.97 2.3 ± 1.5 0.98
I-AM 4.2 ± 2.9 0.98 5.8 ± 4.1 0.93
I-VM 2.8 ± 2.0 0.98 3.5 ± 1.9 0.94
I-TM 2.9 ± 2.1 0.97 3.5 ± 2.7 0.96
T-AM 3.4 ± 1.9 0.99 4.2 ± 2.3 0.98
T-VM 2.3 ± 1.2 0.93 4.2 ± 3.8 0.96
T-TM 3.0 ± 2.1 0.98 3.7 ± 2.3 0.97
S-AM 3.6 ± 2.1 0.98 6.4 ± 4.4 0.94
S-VM 2.3 ± 1.3 0.98 3.5 ± 2.8 0.93
S-TM 2.9 ± 2.1 0.96 4.6 ± 2.9 0.95
N-AM 4.7 ± 4.4 0.92 5.1 ± 4.2 0.94
N-VM 2.3 ± 1.7 0.98 2.6 ± 1.9 0.97
N-TM 3.6 ± 2.5 0.92 3.8 ± 3.2 0.95
Abbrevations: AM, mean of all MBRs; COV, coefficient of variation; GHT, Glaucoma 
Hemifield Test; I, inferior quadrant area of optic disk; ICC, intraclass correlation 
coefficient; MBR, mean blur rate; N, nasal quadrant area of optic disk; S, superior 
quadrant area of optic disk; T, temporal quadrant area of optic disk; TM, tissue mean; 
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These data suggest that the reproducibility of the MBR 
decreased with structural changes due to glaucoma. The 
values of COVs in the glaucoma patients, however, were 
still sufficient for the evaluation of MBR in these patients. 
Upon further analysis of the VM and TM in local areas of the 
optic disk, the COV was generally better than that in the AM. 
These data suggest that the separation of the VM and TM in 
the optic disk was a good strategy for the assessment of disk 
microcirculation in the context of ocular disease.
There have been several reports on the reproducibility of 
objective glaucoma instruments. Budenz et al28,29 tested the 
reproducibility of retinal nerve fiber layer (RNFL) thickness 
measurements with Stratus-OCT (Carl Zeiss Meditec). They 
tested the intrasession variability of measurements between 88 
normal subjects and 59 glaucoma patients and found that the 
ICCs ranged from 0.84 to 0.97 in normal subjects, with a range 
of COVs from 1.7% (mean RNFL) to 8.2% (nasal quadrant). In 
glaucomatous eyes, the ICCs ranged from 0.79 to 0.98, with a 
COV range of 3.7% (mean RNFL) to 11.9% (nasal quadrant). 
Our results using the LSFG-NAVI suggest that the reproduc-
ibility of this instrument was better than that of the Stratus-OCT 
and that the LSFG-NAVI is a suitable instrument for measuring 
ocular circulation, with highly reproducible results.
OCT technology has improved significantly over the 
years, and various OCT devices are commercially   available. 
These objective instruments require a high degree of repro-
ducibility for purposes of glaucoma diagnosis. Menke et al32 
tested the reproducibility of RNFL measurements of the 
3D Fourier-Domain OCT in healthy volunteers and dem-
onstrated an improvement in the reproducibility of RNFL 
measurements. Notably, the LSFG-NAVI analysis software 
already has the capacity to measure the same position. In 
general, in this study, the reproducibility of the MBR mea-
surement of the vessels (retinal arteries and veins) was poorer 
than that for the disk and choroid. This deficit may be due to 
the small ROI. Furthermore, when the captured image had a 
small dark spot of vitreous opacity, it was difficult to deter-
mine the quality of the results after obtaining the color map 
of the MBR. To further improve the reproducibility of  LSFG, 
attention should be focused on the chasing eye tracking 
technology used to follow eye movement, a high-resolution 
and high-contrast color map, and an index demonstrating the 
quality of the color map results.
In conclusion, the reproducibility of LSFG-NAVI was 
sufficient to evaluate the ocular circulation in this modi-
fied version of the LSFG owing to the improvement of the 
focus during capture. Reproducibility is important for the 
longitudinal assessment of the state of glaucoma patients. 
We confirmed that LSFG-NAVI had significantly high repro-
ducibility in measuring the microcirculation of the optic disk 
and choroid in both normal subjects and glaucoma patients. 
These data suggest that LSFG-NAVI is an effective and objec-
tive instrument for monitoring microcirculation. Although 
the role of microcirculation in glaucoma patients remains 
unclear, this technology yields highly reproducible results 
and could be used to explore the role of ocular circulation 
not only in glaucoma but also in other ocular diseases.
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